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ABSTRACT 
Utility of Walleyes and Saugeyes as Secondary Predators 
in Small South Dakota Impoundments 
Mark J. Ermer 
2001 
Walleye Stizostedion vitreum and saugeye (walleye x sauger S. 
canadense) fingerlings were concurrently stocked at equal densities into five 
small impoundments in 1997, 1988, and 1999 to evaluate relative survival, 
growth and their ability to restructure existing panfish communities. Prior to 
stocking, fish were differentially marked on the right or left side with freeze 
brands or with 700 ppm oxytetracycline hydrochloride (OTC) to allow accurate 
identification of each fish as a walleye (fry mark) or a saugeye (fingerling mark). 
Spring and fall night electrofishing was used to sample the stocked percids, as 
well as potential competing species such as largemouth bass Micropterus 
salmoides and northern pike Esox lucius. Differences in relative survival 
(indexed as catch per unit effort [CPUE] from night electrofishing) and growth 
(mean total length and relative growth) between walleyes and saugeyes were 
compared within and among water bodies. Visceral-somatic index (VSI), liver-
somatic index (LSI) and mesenteric fat index (MFI) were calculated for both 
species to further compare fish condition . Changes in panfish communities 
iv 
v 
(indexed as trap net CPUE, proportional stock density [PSD], relative weight [Wrl 
and incremental growth) were assessed throughout the study. 
The 1997 year class of walleyes exhibited better survival than saugeyes 
in Bode Pond and Jones Lake. Low sample sizes and no significant differences 
in survival were observed in Hanson, Iroquois or Hayes Lake populations. The 
1998 cohort of walleyes had significantly higher survival than saugeyes in 
Hanson Lake during fall 1999 and spring 2000. Saugeyes survived better than 
walleyes in Bode Pond during fall 2000. In all other lakes survival of both 
percids was very low. For the 1999 cohorts, relative survival of walleyes was 
significantly higher in Lake Iroquois during spring 2000 and in Hanson Lake 
during fall 2000. Saugeye CPUE in Bode Pond during fall 2000 was significantly 
greater than the walleye CPUE; however, both catch rates were very low. 
Survival of both percids in Hayes and Jones Lakes was very low, likely due to 
competition with and predation by abundant largemouth bass populations. The 
lack of percid survival in Lake Iroquois appeared linked to summer mortality. 
Overall, survival of stocked walleyes and saugeyes was low in all study 
impoundments, with the exception of the introductory stocking in Bode Pond, 
which produced a high-density percid fishery. 
Relative growth of walleyes and saugeyes was inconsistent among 
waters, but was generally similar within each lake for the 1997 year class. 
Where sympatric populations developed, percid growth always favored walleyes 
for the 1998 and 1999 year classes. Percid condition was also variable among 
lakes, but was usually similar within each lake for all year classes. Overall, 
neither percid demonstrated a substantial advantage in performance in small 
South Dakota impoundments. 
vi 
Panfish community effects were evaluated in Jones and Hanson lakes. In 
Jones Lake, the only substantial panfish community effect that may have been 
caused by stocked percids was the reduction of yellow perch Perea flavescens 
abundance and the substantial increase in the bluegill Leoomis macrochirus 
abundance. Such a pronounced shift was most likely a result of selective 
predation for yellow perch by walleye and saugeye. However, an increase in the 
largemouth bass population during this study reduced the ability to attribute 
changes in the panfish community directly to stocked percids. In Hanson Lake, 
competing predator populations remained low throughout the study, indicating 
that observed changes in the panfish community were likely a result of predation 
by the stocked percids. The PSD of all panfish species showed significant 
improvements between 1997 (pre-stocking) and 2000 (post-stocking). The 
incremental growth rates of bluegills and black crappies Pomoxis nigromaculatus 
also exhibited significant increases between 1997 and 2000. These trends 
indicate that the stocked percids, through increased predation. were able to 
improve the size structure and growth of panfish in Hanson Lake. 
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Chapter 1. Literature Review 
Introduction 
1 
Small impoundments and ponds constitute a valuable aquatic resource for 
anglers and landowners in South Dakota. A 1996 opinion survey of South 
Dakota resident anglers indicated that these water bodies were fished by a 
higher percentage of anglers than any other type of water (Gigliotti 1996). 
Managing these waters to provide desirable recreational fisheries has become an 
important topic of study. Traditionally, small impoundments in South Dakota 
were stocked with a variety of fish species including largemouth bass 
Micropterus salmoides, bluegill Lepomis macrochirus, black crappie Pomoxis 
nigromaculatus, northern pike Esox lucius, and yellow perch Perea flavescens. 
Stocking an unsuitable combination of fishes can sometimes result in a fish 
community that provides few recreational benefits (Willis et al. 1990). 
Furthermore, small lakes and impoundments often contain fish communities that 
are unbalanced, with low predator densities and overabundant, slow-growing 
panfish populations (Mitzner 1984; Snow and Staggs 1994 ). Often, these 
situations result from overharvest of predatory fish, which can occur with 
relatively low levels of exploitation in these small systems (Lindgren and Willis 
1990). Improving the quality of such fish communities has been an objective of 
fisheries managers for many years (Beckman 1940: Scidmore 1960; Mitzner 
1984). 
2 
Predator management has frequently been mentioned as a means to 
control species composition and biomass in fish communities (e.g., Snow 1968; 
Goeman et al. 1990; McQueen et al. 1986). Colby et al. (1987) suggested the 
introduction of top predators as an effective way to manipulate fish community 
structure. The effects of predator introductions on an existing fish community are 
complex and in many cases poorly understood. The successful introduction of 
piscivorous fishes in small water bodies has the potential to fulfill two 
management goals. The first, to provide new fishing opportunities for the 
predator fish species, and the second, to improve the existing fishery by reducing 
the density and increasing the quality (i.e., size structure and condition) of the 
panfish populations. "Balanced" fish communities, with the potential to provide a 
satisfactory catch and harvest of both predator and prey species, are a common 
goal for managers and owners of small public and private waters, respectively 
(Swingle 1950). 
Several years of pond research indicate that largemouth bass and bluegill 
constitute the most reliable pond stocking combination in the central to southern 
latitudes (Johnson and Graham 1978). That stocking combination has been 
extended to ponds and small impoundments across the United States (Modde 
1980). Although largemouth bass were likely not native to South Dakota waters, 
the species has been widely stocked into small water bodies throughout the state 
(Bailey and Allum 1962). Guy and Willis (1990) found that largemouth bass 
could be used as a predator to create high quality bluegill populations in South 
Dakota impoundments, providing that habitat is appropriate (i.e., relatively clear 
water and sufficient aquatic macrophytes). Survival and growth of age-0 and 
age-1 largemouth bass in newly stocked South Dakota ponds were highly 
variable and largely influenced by growing days and turbidity (Stone and Modde 
1984 ). Many waters stocked with this combination in South Dakota have 
3 
resulted in poorly structured largemouth bass populations and overabundant, 
slow growing panfish communities, which provide undesirable recreational fishing 
opportunities. These situations indicate the need for either a supplemental or a 
replacement predator. 
Predator Management Alternatives 
Recently, the walleye Stizostedion vitreum has been suggested as an 
alternative primary or secondary predator in small impoundments in South 
Dakota due to its northern temperate range and its adaptability to a variety of 
waters. Walleyes have been stocked in many private and public small lakes and 
impoundments in South Dakota for this purpose. 
Furthermore. the walleye is South Dakota's most popular sport fish (Stone 
1996), and interest in walleye fishing is increasing nationwide (Fenton et al. 
1996). The growing popularity of walleyes as sport fish has lead to their 
introduction into a wide variety of habitats outside their native range (Conover 
1986), but the success of these stocking efforts has been largely unpredictable 
(Laarman 1978; Ellison and Franzin 1992). Walleyes are tolerant of a wide 
4 
range of environmental conditions (Colby et al. 1979) but are most abundant in 
mesotrophic waters (Schupp 1978) and are best suited to water transparencies 
of 1-3 m (Ryder 1977). The abundance and year to year recruitment of walleyes 
varies greatly by water body type and spawning habitat availability. Several 
factors can influence population densities including turbidity, predation, 
competition, variable year-class strength, and overharvest (Colby et al. 1979). 
A few researchers have successfully established walleyes as predators in 
small lakes and impoundments containing lepomid and percid prey (Beyerle 
1978; Santucci and Wahl 1993). Schneider (1997) reported that walleye, as 
predators, improved growth and size structure of stunted populations of bluegill 
and yellow perch in a small Michigan lake. More often, however, walleye 
introductions in small, centrarchid-dominated waters have met with limited 
success (Snow 1968; Goeman et al. 1990). 
Walleye stocking success appears to be linked to a variety of 
environmental and biological factors within recipient waters. Stocked walleyes 
can be susceptible to stress from handling (Colby et al. 1994) and predation 
(Wahl 1995). Santucci and Wahl (1993) found that that thermal stress at 
stocking and predation by largemouth bass were the most important factors 
influencing survival of stocked walleye in a 5.6-ha Illinois impoundment. 
Cornelius (1989) suggested that poor survival of stocked walleye fry and 
fingerlings in a 123-ha Wisconsin lake was due to competition and predation from 
overabundant black crappie and black bullhead Ameiurus melas. Walleye 
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populations in some reservoirs can suffer direct losses of juveniles and adults 
during periods of high discharge (Armbruster 1962). High-discharge reservoirs in 
Kansas (Willis and Stephen 1987) and Ohio (Johnson et al. 1988) have been 
repeatedly stocked with walleyes with little success. Walleye stockings did not 
appear justified in Kansas reservoirs that had storage ratios of 1.0 or less (Willis 
and Stephen 1987). Due to this limited success several states have attempted to 
find an alternative predator for these impounded environments. 
Some fisheries agencies have attempted to resolve problems arising from 
poor walleye survival by stocking sauger S. canadense, a close relative of the 
walleye. Saugers have been introduced into waters outside the native range, but 
not as extensively as walleyes. Sauger reproduction and early survival is 
associated with large river habitat (Nelson 1968); spawning occurs at night over 
gravel shoals (Scott and Crossman 1973). Other life history aspects of sauger 
are similar to the walleye. Survival and harvest of saugers stocked in two Ohio 
impoundments were limited (Erickson 1980). Other fisheries have demonstrated 
an initial increase in sauger densities during reservoir filling. In Lewis and Clark 
Lake, South Dakota, sauger density increased during and shortly after filling, 
then stabilized (Nelson and Walburg 1977). 
Stocking saugers in place of walleyes in turbid systems has meet with 
some degree of success (Scott and Crossman 1973). Where sympatric 
populations of walleyes and saugers occur, an increase in turbidity usually favors 
the sauger population (Ryder 1977). This is likely due to saugers being adapted 
to the low-light conditions found in turbid systems (Colby et al. 1979). However, 
Scott and Crossman (1973) reported that saugers may be less adaptive than 
walleyes in terms of habitat preference, and have reduced growth rates as 
compared to walleyes. Erickson (1980) reported that few sauger stockings were 
successful after nearly two decades of introductions in two Ohio reservoirs. The 
sauger is not as popular among anglers, likely a consequence of slower growth 
and smaller body size (Scott and Crossman 1973; Schupp and Macins 1977). 
Recently, saugeye S. vitreum x S. canadense, a purposeful hybrid between 
walleye and sauger, have been used in management programs where walleye 
and/or sauger reproduction and survival was limited. 
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Natural hybridization of walleyes and saugers does occur within sympatric 
walleye and sauger populations. Natural hybrids were found in Norris Reservoir. 
Tennessee (Stroud 1948), Lake Erie (Trautman 1957), Lewis and Clark 
Reservoir, South Dakota (Nelson and Walburg 1977; Van Zee et al. 1996), and in 
Lake Sakakawea, North Dakota (Ward and Berry 1995). Overlap of spawning 
seasons and spawning grounds may account for hybridization in those waters. 
However, widespread hybridization is unlikely to occur due to limited overlap of 
both preferred spawning habitat and spawning temperature ranges of walleyes 
(6.7 - 8.9 °c) (Colby et al. 1979) and saugers (3.9 - 6.1 °C) (Scott and Crossman 
1973). Nelson and Walburg (1977) observed that approximately 10% of walleyes 
and saugers (n=S,500) collected from Lewis and Clark Reservoir, South Dakota, 
resembled hybrids. 
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The first artificially propagated saugeyes were produced in 1964 from 
brood stock collected in the Missouri River below Fort Randall Dam, South 
Dakota (Nelson et al. 1965). Since the early 1970's, saugeyes have been 
produced in various agency hatcheries and stocked into water bodies considered 
sub-optimal for walleyes. In 1992, a cooperative study of saugeye stockings was 
conducted by the Walleye Technical Committee, North Central Division, 
American Fisheries Society, over a seven state area of the midwest (Gabelhouse 
1993). Twenty-one small lakes and impoundments (19-336 ha) were stocked 
with small fingerling saugeyes at 20 fish/ha. Results of that study indicated that 
saugeye stockings were more likely to be successful in smaller water bodies. 
Also, water bodies that contained low predator densities (i.e., largemouth bass), 
abundant crappie populations with few fish over 200 mm, and gizzard shad 
returned higher catches of saugeyes. 
Nelson et al. (1965) suggested that hybrids might be better adapted 
ecologically for certain management purposes. Although interspecific hybrids 
often result in decreased embryonic survival and viability (Seeb et al. 1988), this 
does not appear to be true for saugeye. Under intensive culture conditions, the 
saugeye original cross had significantly higher hatching success than saugers or 
the saugeye reciprocal cross. Hybridization had no influence on embryonic 
survival and hatching rate. Under culture conditions, the saugeye original cross 
maintained a higher condition factor than walleyes, saugeye reciprocal cross, 
and saugers (Malison et al. 1990). Siegwarth and Summerfelt (1990) found that 
survival rates of saugeye fingerlings were higher than walleyes under intensive 
culture conditions. 
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Saugeyes were first stocked into South Dakota waters in 1986 at LaCreek 
National Wildlife Refuge. In 1990, their use was expanded to other lakes and 
impoundments. Flammang (1994) evaluated population characteristics of 
saugeyes in South Dakota waters. He found that growth and survival of 
saugeyes in South Dakota were variable, but compared favorably with those of 
other midwestern states. Pyle et al. (1997) reported that saugeyes in Lake 
Goldsmith, South Dakota exhibited growth rates substantially greater than the 
statewide average for walleye. Flammang and Willis ( 1994) noted that saugeyes 
demonstrated significantly better growth and survival than concurrently stocked 
walleyes in Lake Herman, South Dakota. Survival of both percids was poor in 
Lakes Richmond and Mina, South Dakota, when stocked as small fingerlings (3-4 
cm) in 1992 and 1993 (Flammang 1994). Flammang noted substantial predation 
of walleye and saugeye fingerlings by black crappies immediately after stocking 
in Richmond Lake in 1992. Larger fingerling ( 14 - 19 cm) saugeyes stocked in 
Richmond Lake in 1994 and 1995 had higher survival rates than previously 
introduced small fingerlings (Pope et al. 1996; Galinat et al. 2000). The saugeye 
may provide better results than walleye for establishing primary or supplemental 
predator populations in small water bodies in South Dakota. The saugeye is 
becoming popular in several states because the hybrid has exhibited 
characteristics such as better growth, adaptability, and survivability than walleyes 
in sub-optimal environments (Leeds and Summers 1987; Johnson et al. 1988; 
Flammang and Willis 1994; Summers et al. 1994; Galinat et al. 2000). 
Study Objectives 
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The previous introductions of saugeyes in South Dakota have primarily 
occurred in lakes and impoundments larger than 200 ha; saugeyes have not yet 
been evaluated in small water bodies less than 40 ha in size. More information 
on direct comparisons between walleyes and saugeyes and their management 
potential in small lakes and ponds in South Dakota is needed. To determine if 
there are significant performance differences between walleyes and saugeyes in 
small waters, they should be evaluated on a side-by-side basis under a range of 
environmental conditions. Therefore, this study was conducted to compare the 
relative success of concurrent walleye and saugeye stockings in several small 
impoundments, and to investigate factors that may influence the relative stocking 
success of these two percids. Additionally, it will investigate the ability of these 
percids to restructure the panfish communities within the small impoundments. 
Specific objectives of this research were: (1) to determine if relative survival of 
stocked walleyes and saugeyes differed in or among the study lakes, (2) to 
determine if relative growth of stocked walleyes and saugeyes differed in or 
among the study lakes, and (3) to evaluate the ability of stocked percids to affect 
panfish relative abundance, size structure, and growth within the study 
impoundments. Hypotheses associated with these objectives were: 
Ho1: relative survival of stocked walleyes and saugeyes will not differ 
within or among impoundments; 
Ho2: relative growth of stocked walleyes and saugeyes will not differ within 
or among impoundments; and , 
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H03 : stocked walleyes and saugeyes will have no effect on panfish relative 
abundance, size structure, and growth within study impoundments. 
Chapter 2. Study lmpoundment Characteristics 
Introduction 
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The study sites for this project consisted of five small warm-water 
impoundments located in eastern and central South Dakota (Table 1; Figure 1 ). 
The criteria for selecting these impoundments included small size(< 40 ha), low 
densities of largemouth bass and other predators, and panfish populations 
dominated by small fish . The actual fish community characteristics and 
environmental cond itions varied among lakes. Physical characteristics and fish 
communities of the study lakes, summarized from unpublished South Dakota 
Game, Fish and Parks reports (except Bode Pond) are found in Table 2. Bode 
Pond is a privately owned impoundment constructed in 1996 and was used as a 
control for survival. All other study lakes are public waters managed and 
periodically surveyed by the South Dakota Department of Game, Fish and Parks. 
Methods 
Water Quality Sampling 
Water quality and productivity can influence the success or failure of any 
stocking program. Therefore, a variety of limnological data were collected from 
each of the study impoundments during midsummer of 2000. Conductivity and 
pH (Conductivity Testr 2 and pH Testr 2, respectively) were measured with 
Oakton electronic meters (Oakton Corporation). Water transparency was 
measured with a secchi disk. Water samples were collected from each 
impoundment and transported to the laboratory for further analysis. Samples 
were analyzed for total alkalinity, total hardness, soluble reactive phosphorous, 
and turbidity using a Hach DR2000 spectrophotometer or a Hach digital titration 
kit (Hach Company, Loveland, Colorado). Midsummer water temperature and 
dissolved oxygen profiles were collected from each impoundment, with readings 
every 0.5 m (surface to bottom), using a YSI model 51 temperature/ DO meter 
(Yellow Springs Instruments) in the deepest location at each impoundment. 
Invertebrate Sampling and Analysis 
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Invertebrate abundance was assessed by sampling zooplankton and 
benthic macroinvertebrates during midsummer 1999. Zooplankton were sampled 
using a 1-m tube sampler (6.3 cm inside diameter) (DeVries and Stein 1991 ), 
and filtered through a 63 um plankton net. A minimum of three sites were 
sampled within each impoundment, with three replicate samples collected at 
each site. Zooplankton samples were placed in plastic bottles and fixed in a 10% 
sucrose formalin solution, pending analysis. At the same sites, benthic 
macroinvertebrates were sampled using an Ekman dredge (232 cm2) (Lind 
1985). Benthic samples were filtered through a U.S. No. 30 (0.59 mm) mesh 
sieve bucket and preserved in a 10% buffered formalin solution , pending 
analysis. 
In the laboratory, zoo plankton samples were concentrated in a 100 ml 
graduated cylinder in a sufficient volume of water to obtain a density of 50-100 
organisms per ml. Three subsamples were drawn with a 1 ml Hensen-Stemple 
pipette. The subsamples were placed in a plankton counting wheel and 
examined under a dissection microscope (20-40x). Zooplankton were identified 
and enumerated to the lowest practical taxon. Zooplankton abundance was 
expressed as the number/L of lake water. 
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Benthic samples were placed in an enamel pan with a salt solution of 150-
g sodium chloride dissolved in 1 L of water. The resulting solution had a specific 
gravity of -1.12 which allowed the soft-bodied invertebrate organisms to float to 
the surface (Needham 1962). All invertebrates were viewed under a dissecting 
microscope, identified to the lowest practical taxon and enumerated. Zoobenthos 
abundance was expressed as the number/m2 of lake bottom. 
Results and Discussion 
Water Quality 
Water chemistry properties in the five study impoundments varied except 
for water temperature, pH and total alkalinity (Table 3). Reactive phosphorous 
levels were lowest in Bode Pond and Hanson Lake and highest in Iroquois and 
Jones Lake. Total hardness levels in Hanson Lake were much higher than all 
other lakes. Conductivity and total dissolved solids followed similar patterns with 
Bode Pond and Hanson Lake having the highest levels and Hayes Lake with the 
lowest. The high conductivity and total dissolved solids characteristics of Hanson 
Lake were likely sufficient to reduce the efficiency of electrofishing gear 
(Reynolds 1996). Low dissolved oxygen levels (i.e., <2 ppm) were present in the 
bottom 0.5 m of water in each of the five study impoundments. Secchi disk 
transparency values in the study impoundments ranged from 0.6 to 4.0 min 
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2000. Iroquois and Hanson Lakes had the lowest transparency and contained a 
very limited amount of submerged aquatic vegetation. Bode Pond had the 
highest secchi transparency and submerged aquatic vegetation was well 
developed within the littoral zone. In 2000, the water level in Jones Lake was 
lower, (-0.5 m) creating exposed mud flats surrounding the lake, which combined 
with wind action, likely reduced transparency. Hayes Lake also had high secchi 
transparency and contained the most submerged aquatic vegetation. 
Invertebrate Communities 
Zooplankton abundance was quite variable among the impoundments 
(Table 4). Estimated total abundance of zooplankton (organisms/L) was highest 
in Hayes Lake. Hayes Lake and Bode Pond were dominated by Keratella spp. 
Lake Iroquois, Hanson Lake and Jones Lake contained a high diversity of 
zooplankton without one individual species dominating the population . Anderson 
et al. (1997) reported similar estimates of zooplankton density in six eastern 
South Dakota glacial lakes. The lowest estimates of zooplankton abundance 
were for Bode Pond, which Koski (2000) found to have the highest densities in 
1997. An increase in zooplanktivorous fishes within the lake between 1997 and 
the summer of 2000 may explain this disparity. 
Estimates of total abundance of zoobenthos (organisms/m2) were highest 
in Hayes Lake (Table 5). Benthic samples from all five impoundments were 
' dominated by chironomids and Chaoborus spp. However, Hayes Lake also 
contained a relatively high abundance of aquatic oligochaetes. Hanson and 
Jones Lake benthic invertebrate communities were dominated by chironomids. 
Nickum (1970) reported that chironomids frequently dominate the benthos 
populations of shallow winterkill lakes in South Dakota. 
Conclusions 
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Overall, these five impoundments exhibited a range of limnological 
characteristics. Hayes and Jones Lake, the two westernmost impoundments, 
were the largest waters , contained the most aquatic vegetation, and had similar 
water chemistries. The three eastern impoundments were generally smaller, 
contained less vegetation, and had higher conductivity, total dissolved solids, and 
total hardness. These study impoundments provided a good representation of 
the variety of small waters found across South Dakota, and thus were well suited 
for the purpose of this study. 
Hayes Lake Jones Lake iN 
Lake Iroquois 
anson Lake 
Figure 1 . Map of South Dakota showing general locations of the study lakes. 
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Table 1. Specific locations of the study impoundments used in this study. 
Water body County Legal description Drainage 
Bode Pond Brookings Sec.27, T. 111N, R.48W Deer Creek 
Hanson Lake Hanson Sec. 21, T. 102N, R. 58W Pierre Creek 
Hayes Lake Stanley Sec.29,30, T.5N, R.26E Frozen Man Creek 
Lake Iroquois Kingsbury Sec.8, T. 110N, R. 58W Pearl Creek 
Jones Lake Hand Sec. 25, 26, T. 112N, R. 68W Turtle Creek 
....... ....._, 
Table 2. Physical characteristics and fish community of the five study impoundments summarized from South 
Dakota Department of Game, Fish and Parks (1994, 1995); information for Bode Pond was provided by B. Gibbons 
(personal communication, South Dakota State University). 
Maximum Submergent 
Water body Area (ha) __ . dep_th Mean depth vegetation_ Fish community 
Bode Pond 10.0 7.6 m 
Hanson Lake 22.2 5.0 m 
Hayes Lake 29.8 5.2 m 
Lake Iroquois 18.2 3.0m 
Jones Lake 34.0 5.5 m 
2.7 m Moderate 
2.3 m Rare 
1.9 m Abundant 
1.5 m Rare 
2.6 m Common 
BLG,GSF,YEP,BBH, SMB 
BLG, GSF, BLC, WHC, YEP, 
BBH, COC, LMB, NOP 
BLG,GSF,BLC, YEP,BBH, 
LMB, NOP 
BBH, OSF, FHM 
BLG, BLC, YEP, BBH, LMB, 
NOP, FHM, GOS 
BLG = bluegill ; GSF = green sunfish; BLC = black crappie; WHC = white crappie; YEP = yellow perch; 
OSF =orange-spotted sunfish; BBH =black bullhead; COC =common carp; LMB =largemouth bass; 
NOP = northern pike; FHM = fathead minnow; GOS = golden shiner 
....... 
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Table 3. Water chemistry measurements collected in summer 2000 from the five small impoundments used in a 
study of the utility of walleye and saugeye as supplemental predators in South Dakota. Reported values are from 
single measurements in the deepest portion of the lake. 
Measurement Bode Hanson Hayes Iroquois Jones 
Collection date 7/10/00 7/19/00 7/13/00 7/12/00 716100 
Water temperature (°C) 
Surface 27.4 23.1 26.1 27.0 26.5 
Bottom 25.8 21.8 21.1 21.6 24.4 
pH 8.4 9.0 8.5 9.2 9.5 
Total alkalinity (mg/L CaC03) 107 130 127 150 155 
Reactive phosphorous (mg/LP) 0.01 0.03 0.12 0.48 0.42 
Total hardness (mg/L) 490 1,240 270 485 274 
Conductivity (uS/cm) 1,098 2,500 770 820 818 
Total dissolved solids (ppm) 545 1,236 386 510 412 
Secchi disk (cm) 400 60 160 70 80 
Turbidity (NTU) 3.6 17.4 3.13 21.6 20.4 
....... 
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Table 4. Estimated abundance (number/L) of common zooplankton collected from five small impoundments in 
summer 1999. Numbers in parentheses represent one standard error (SE). 
Taxon Bode Hanson Hayes Iroquois Jones 
Calanoid Copepoda 3.1 (1.1) 145.6 (11.0) 1.0 (0.5) 30.5 (8.1) 35.7 (7.6) 
Cyclopoid Copepoda 9.3(1.7) 149.3 (26.7) 15.5 96.0) 83.3 (10.0) 52.6 (11.2) 
Copepod nauplii --- 10.2 (1 .5) 1.0 (0.5) 39.9 (4.3) 28.2 (4.9) 
Diaphanosoma birgei --- 27.6 (2.8) --- 2.2 (0.8) 9.8 (2.8) 
Bosmina lonQirostris 13.9(4.7) 4.1(1 .9) 173.1 (58.5) 89.9 (9.2) 168.2 (51 .0) 
Keratella spp. 78.1 (15.0) --- 1,459.0 (324.2) 13.9 (4.7) 0.3 (0.2) 
Daphnia spp. 17.7 (3.4) 48.2 (4.7) 55. 7 (22.6) 2.6 (1.0) 173.8 (35.4) 
Other rotifers --- 7.6 (1.6) 27.8 (5.6) 18.9 (3.6) 
Total zooplankton 122.1 (11.1) 392.6 (23.0) 1, 733.0 (203.2) 281.2 (13.1) 468.6 (34.9) 
--- Not found in any samples. 
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Table 5. Estimated abundance (number/m2) of common zoobenthos collected with an Ekman dredge from five 
small impoundments during summer 1999. Numbers in parentheses represent one standard error (SE). 
Taxon Bode Hanson Hayes Iroquois Jones 
Chironomidae 62.2 (22.7) 200.9 (38.3) 311.0(29.1) --- 71.8 (17.0) 
Chaoboridae 244.0 (89.3) 4.8 (2.8) 602.8 (118.0) 62.2 (13.8) 4.8 (2.8) 
Ceratopogonidae --- --- 4.8 (2.8) --- 4.8 (2.8) 
Other Oiptera 4.8 (2 .8) 9.6 (5.0) 4.8 (2.8) --- 4.8 (2.8) 
01 igochaeta 19.1 (8.5) --- 411.4 (103.1) 4.8 (2.8) 19.1 (9.9) 
Total zoobenthos 330.1 (51.4) 215.3 (29.8) 1,334.7 (106.9) 67.0 (9.5) 105.2 (12.9) 
--- Not found in any samples. 
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Chapter 3. Relative Survival, Growth, and Condition 
Introduction 
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Evaluating the success of stocking efforts is a common goal of fisheries 
managers (Babey and Berry 1989; Serns and Andrews 1986). Walleye stocking, 
in particular, has been the focus of numerous investigations (e.g., Laarman 
1978). Walleye stocking evaluations are frequently conducted to assess the 
effectiveness of different stocking strategies (Larscheid 1995), the contribution of 
stocked fish to a population (Lucchesi 1999), and the effects of these 
introductions on resident fish communities (Schneider 1997). 
In my study, relative survival and growth of walleyes and saugeyes was 
evaluated by sampling each study impoundment in the spring and fall with 
electrofishing gear. The numbers and size of the stocked fish in the samples 
served as measures of their relative abundance as well as their response to that 
particular environment. Variability in stocking success has often been attributed 
to biological factors such as the presence or absence of adequate prey (Fielder 
1992), and the size structure and density of predators or competitors (Santucci 
and Wahl 1993 ). Gabelhouse ( 1993) indicated that saugeye stockings were 
more likely to be successful in water bodies that contain low predator densities 
(i.e., largemouth bass), produce trap-net catches of 20 to 80 adult crappies per 
net, with few over 200 mm, and have gizzard shad. Percid stocking and 
sampling during 1997, 1998 and spring 1999 were completed in a previous study 
by Koski (2000). The current project started by sampling both the 1997 and 1998 
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cohorts during the fall 1999, and completing the final fingerling stocking during 
October 1999. In spring and fall 2000, all three cohorts were sampled within 
each impoundment. The overall objectives of this research were to compare the 
relative stocking success of walleyes and saugeyes, and provide fisheries 
managers with better information regarding the performance of these percids in 
small South Dakota impoundments. 
Methods and Materials 
Percid Stocking. Marking. and Transport 
The first two years of percid stockings were completed and discussed by 
Koski (2000). A stocking summary of all three year classes is included in Table 
6. Target stocking densities were 62 walleye and 62 saugeye (60/kg) fingerlings 
per ha . Walleye and saugeye fingerlings were obtained from Blue Dog State 
Fish Hatchery, Waubay, South Dakota. Fingerlings were harvested from natural 
rearing ponds with trap nets during October when water temperatures neared 
14°C. They were transported in aerated distribution tanks from the ponds to Blue 
Dog Hatchery and held for marking in concrete raceways. 
Assessing the relative stocking success of these percids required that 
individual fish from subsequent collections could be accurately identified as 
walleyes or saugeyes. Flammang and Willis (1993) found that juvenile walleye 
and saugeye could not be accurately distinguished by external characteristics at 
total lengths less than about 18 cm. Thus, walleye and saugeye fingerlings for 
this study were differentially marked by immersion in oxytetracycline (OTC) 
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hydrochloride to distinguish between species in 1997 and 1998 (Koski 2000). In 
1999, the percid fingerlings were not OTC marked at the hatchery due to their 
large size and reduced numbers needed. For this reason, both species were 
differentially marked with liquid nitrogen freeze brands prior to stocking. Freeze 
branders were supplied by Blue Dog State Fish Hatchery, and were of 
specifications described by Lucchesi (1997). Freeze brands were applied using 
the procedure outlined by LaJeone and Bergerhouse (1991 ). Fingerlings were 
anesthetized with 0.6 g/L of tricaine methanesulfonate (MS-222) in a 20-L tub of 
aerated water. Saugeyes received a single vertical bar brand on the right side 
below the dorsal fin and posterior to the pectoral fin. Walleyes received a similar 
brand on the left side. Satisfactory brands were produced when the fingerlings 
were held against the branding iron for 2 - 4 s. 
A sample of 20 - 50 fish from each rearing pond were measured (nearest 
mm) and weighed (nearest g) to assess differences in sizes of fingerlings and 
adjust stocking rates (biomass) as necessary. Fingerlings were delivered to the 
study impoundments in truck-mounted distribution tanks supplied with 
supplemental oxygen. Hauling densities in tanks did not exceed 0.1 kg/L. The 
water temperature of the hauling tank and the recipient waters were recorded at 
the time of stocking and fish were acclimated in hauling tanks if there was a 
difference of more than 2°C. Fish condition and total transport time was noted at 
each stocking location. 
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In 1999, stocking densities of walleye and saugeye varied due to a wide 
disparity in available sizes (Table 6). Saugeye fingerlings originated from a 
single rearing pond and averaged 188 mm TL in 1999. Walleye fingerlings were 
obtained from two different rearing ponds, but fish size and condition was similar 
at 133 mm TL. Due to the large difference in size between the walleyes and 
saugeye fingerlings they were stocked at approximately the same biomass 
(kg/ha). This approach was used because increased survival was anticipated 
with increased fingerling size (Larscheid 1995; Pope et al. 1996). Stocking 
densities for saugeye ranged from 19 to 29 fingerlings/ha , at 1 .1 to 1 . 6 kg/ha . 
Stocking densities for walleyes ranged from 50 to 62 fingerlings/ha, at 1.0 to 1.2 
kg/ha . 
Mark Detection 
Walleye and saugeye were initially differentiated in the field by external 
characteristics (Flammang 1994) or by freeze brands when available. When 
accurate species identification was not possible, fish were retained for laboratory 
examination of OTC marks. In the laboratory, saggital otoliths from the percids 
were removed and examined for marks according to the procedures of Brooks et 
al. ( 1994 ). Otoliths were removed from fish and mounted concave side down on 
a glass microscope slide with cyanoacrylic glue. Otoliths were then sanded with 
wetted 800-grit sandpaper and periodically viewed under a Nikon EX-400 
compound microscope equipped with a 100-W ultraviolet (Hg arc) light source. 
fluorescence illuminator and an ultraviolet filter. Otoliths were examined until the 
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presence or absence of an OTC fry or fingerling mark was detected. Otoliths 
with a small circular gold band near the focus (i.e ., fry mark) identified the fish as 
a walleye, and otoliths with gold bands away from the focus (i.e ., fingerling mark) 
identified a fish as a saugeye. 
Fish Sampling 
Night electrofishing in the spring and fall was used to sample the stocked 
percids, as well as other predator species such as largemouth bass and northern 
pike. Serns (1982, 1983) found a high correlation between electrofishing catch 
per unit effort (CPUE) and age-0 and age-1 walleye density in Wisconsin lakes. 
Night electrofishing has been used to evaluate stocking success of walleyes and 
saugeyes in South Dakota waters (Flammang 1994; Lucchesi 1997). Flammang 
(1994) also noted that electrofishing catch rates for walleyes and saugeyes were 
highest when water temperatures were in the 12-18 °C range. 
Sampling was conducted with a 4.88-m electrofishing boat equipped with 
a 5,000 watt , 220 V generator and a Coffelt WP-15 control unit using the "pulsed 
AC" settings as described by Vanzee et al. (1996) ; the waveform actually is a 
type of pulsed DC. A single spherical anode, suspended from an extension 
boom on the front of the boat, was 25% to 50% submerged depending on 
conductivity. The boat hull served as the cathode. The entire shoreline of each 
lake was sampled in approximately 15-min transects. All predatory fishes were 
netted and processed . 
27 
Processing included a measure of total length (nearest mm), weight 
(nearest g), and a scale sample was taken from five fish per centimeter group for 
each species. Scale samples were taken below the lateral line and directly 
behind the pectoral fin, as suggested by DeVries and Frie (1996). Fish were 
returned to the water after data collection. 
Condition Indices 
Small groups of fish (approximately 25 walleyes and 25 saugeyes) were 
retained and examined in the laboratory for condition assessments at the time of 
capture during spring and fall 2000. Wet weight of the viscera (minus gut 
contents), liver, and mesenteric fat was determined for each fish . These data 
were used to calculate liver-somatic index (LSI) (Bulow and Coburn 1976), 
visceral-somatic index (VSI) (Anderson and Gutreuter 1983), and mesenteric fat 
index (MSI) (Macfarlane et al. 1993). All indices were calculated as (tissue 
weight I body weight) x 100. These various condition measurements can be 
considered indicators of the relative health or well being of a fish . The relative 
weight (Wr) index, as described below, was calculated for all fish sampled. 
These data were used to further evaluate the performance of the walleyes and 
saugeyes within the study impoundments. 
Data Analysis 
Data collected from electrofishing were analyzed with WinFin Analysis 
(Francis 2000), and Statistical Analysis System (SAS) software (SAS Institute 
1994). Scale annuli were digitized in WinFin (Francis 2000). Mean back-
calculations of length at age were computed with the WinFin Analysis (Francis 
2000) program. This program also calculated stock density indices (i.e., 
proportion stock density [PSD]) and Wr for each species sampled . For walleyes 
150 mm (TL) and longer, the equation used to calculate standard weight (Ws) 
was that provided by Murphy et al. (1990): 
log10 Ws (g) = -5.453 + 3.180 * log10 total length (TL, mm). 
The equation used to calculate Ws for saugeyes 170 mm (TL) and longer was 
that provided by Flammang et al. ( 1993): 
log10 Ws (g) = -5.692 + 3.266 * log10 total length (TL, mm). 
In addition, the Ws equation for juvenile walleyes proposed by Flammang et al. 
(1999) was used to calculate Ws for walleyes from 30 to 149 mm (TL) and for 
saugeyes from 30 to 169 mm (TL), was: 
log10 Ws (g) = -4 .804 + 2.869 * log1 0 total length (TL, mm). 
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Catch per unit effort (CPUE), calculated as the number of fish captured 
per hour during night electrofishing, was used as an index of relative survival for 
the 1997 year class of walleyes and saugeyes because they were stocked in 
equal numbers. In 1998 and 1999 walleyes and saugeyes were not stocked in 
equal numbers so an adjusted CPUE, to represent an equal stocking rate of 62 
walleye and 62 saugeye fingerlings/ha, was used as the index of relative survival. 
Adjusted CPUE was calculated by multiplying the actual CPUE by the ratio of the 
target stocking density to the actual stocking density. Mean total length (TL; mm) 
at capture was calculated and used to assess relative growth of the 1997 year 
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class because they were stocked at equal lengths. In 1998 and 1999, the 
stocked walleyes and saugeyes were of different lengths; thus, percent growth 
from stocking to time of capture was calculated and used to assess relative 
growth. The CPUE, total length, and Wr data were tested for normality 
(UNIVARIATE procedure). The CPUE values were found to be non-normally 
distributed; therefore, CPUE data were rank transformed to better meet the 
assumptions of parametric statistics (Conover and Iman 1981 ). SAS software 
(SAS institute 1994) was used for all tests and statistical significance was set at a 
= 0.05. 
Paired t-tests (TIEST procedure) were used to assess differences (paired 
species CPUE by transect) in mean CPUE between walleye and saugeye within 
each lake for each sampling period . Analysis of variance (ANOVA procedure) 
was used to test for differences in mean CPUE among lakes by species for each 
sample period . Post hoc comparisons for significant E tests were done with 
Scheffe's multiple comparison procedure. Because the numbers of walleye and 
saugeye fingerlings stocked were unequal in 1998 and 1999, Fisher's Exact test 
(cell n $ 5) and Pearson's Chi-square were used to test for differences in 
proportions of walleyes and saugeyes stocked compared to the proportions 
within each sample obtained during fall 1999, spring 2000, and fall 2000. 
Mean total length and mean Wr data for the 1997 year class were found to 
be normally distributed; therefore , the independent t-test {TIEST procedure) was 
used to assess differences in mean total length and mean Wr between walleye 
30 
and saugeye from each lake for each sample period. For each species, analysis 
of variance (GLM procedure) was used to test for differences in both mean total 
lengths and Wr among lakes within each sample period. Tukey's studentized 
test (HSD) was used for multiple comparisons. For 1999 and 2000 data, these 
analyses were conducted by cohort, (i.e., age-1 fish were compared only with 
other age-1 fish, etc.). Scatter plots and correlation analysis (CORR procedure) 
were used to explore relationships between environmental variables (e.g., 
turbidity, temperature) and survival and growth of the stocked percids. Pearson's 
correlation analysis was also used to investigate the relationship between percid 
Wr and other condition indices calculated (VSI, LSI and MFI). 
Results and Discussion 
Relative survival 
1997 Year Class. The 1997 cohorts were sampled in each study 
impoundment as age-2 fish in fall 1999 and as age-3 fish in spring and fall of 
2000. Walleyes appeared to survive better than saugeyes in two lakes (Bode 
and Jones), and no significant difference in survival was detected in Hanson, 
Hayes, or Iroquois Lakes (Table 7). In Bode Pond, mean CPUE of walleyes was 
significantly greater than for saugeyes during all sample periods. Walleyes were 
also captured in greater numbers than saugeyes in Jones Lake during all sample 
periods; the mean CPUE was significantly different in fall 1999. During fall 1999 
in Hanson Lake, saugeyes were captured in slightly higher numbers than 
walleyes but the difference was not statistically significant. Sample sizes were 
low for both percids in spring and fall 2000 in Hanson Lake. Capture of both 
percids was very low in Iroquois and Hayes Lakes during all sample periods. 
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Low percid survival in Hayes and Jones Lakes may be due to competition with 
and predation by an abundant largemouth bass population (Table 8). In 
Iroquois Lake no other predators are present; however, it was the shallowest lake 
and perhaps summer temperatures and/or low dissolved oxygen levels were 
sufficient to cause stress upon the percids. Although sample sizes and CPUE 
varied across sample periods, the proportions of walleye and saugeye in each 
sample remained similar over time within each lake, except in Bode Pond. The 
percent of saugeyes in the samples of Bode Pond steadily decreased from 48% 
to 33% to 18% during the fall samples of 1998, 1999 and 2000, respectively, 
indicating that walleye long-term survival was better than that of saugeyes. 
Overall, percid survival to age 2 and 3 was highest in Bode Pond and relatively 
low in all other impoundments. 
Among lakes, saugeye exhibited highest survival in Bode Pond and 
Hanson Lake. Only one saugeye was sampled in the remaining three lakes 
during all sample periods combined. Mean CPUE of saugeyes was significantly 
higher in Bode Pond than in the other four lakes during all sample periods. 
Highest catches of walleye were made in Bode Pond during all sample periods. 
Walleye catches remained relatively low in the other four impoundments during 
all sample periods. Mean CPUE of walleyes was significantly higher in Bode 
Pond than in the other impoundments in spring 2000. The success of the 
introductory stocking of both percids in Bode Pond appears to illustrate the "new 
reservoir phenomenon" (Groen and Schroeder 1978). 
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1998 Year Class. The 1998 percid cohorts in each lake were sampled as 
yearlings in fall 1999 and as age-2 fish in spring and fall 2000. Because equal 
numbers of saugeye and walleye fingerlings were not stocked within each lake in 
1998 (Table 6), the proportions of saugeyes and walleyes stocked were 
compared to the proportions sampled during all sample periods (Table 9). Percid 
CPUE values were also adjusted to reflect a target stocking density of 62 walleye 
and 62 saugeye fingerlings/ha (Table 10). The results of these comparisons 
indicated that walleyes were captured in greater numbers than saugeyes in 
Hanson Lake during all sample periods; this difference was significant in fall 1999 
and spring 2000. Saugeyes in Bode Pond were sampled at a significantly 
greater rate than walleyes in fall 2000. However, overall survival of both percids 
from the 1998 stocking was low in all study impoundments, with adjusted CPUE 
never exceeding 15 fish/h for either species during fall 1999, spring 2000, and fall 
2000 sampling. The low survival of the 1998 year class in Bode Pond is not 
surprising, given the abundant 1997 year class. In Lake Iroquois, no fish from 
the 1998 stockings were sampled during my sampling; however, Koski (2000) 
reported catch rates of 9 saugeye/h and 87 walleye/h for the 1998 year class 
during spring 1999 sampling. It appears that the problem with low survival in 
Lake Iroquois is associated with summer conditions, because fish are usually 
well represented in the spring sample following stocking but are no longer 
present by the time of subsequent fall samples. 
Among lakes, the highest CPUE's of saugeyes were observed in Bode 
Pond in fall 1999 and fall 2000. Walleye catch rates were greatest in Hanson 
Lake during all sample periods. Overall, there appeared to be little difference in 
adjusted mean CPUE of both percids from the 1998 year class; all catch rates 
must be considered low (Table 10). 
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1999 Year Class. The 1999 cohorts were sampled in spring and fall 2000 
as yearlings. Because unequal numbers of walleye and saugeye were stocked 
again in 1999, appropriate adjustments and comparisons of percid catch rates 
were made as previously discussed (Table 11 and 12). Relative survival of 
walleyes was significantly higher than that of saugeyes in Lake Iroquois in spring 
2000 and in Hanson Lake in fall 2000. Saugeye catch in Bode Pond in fall 2000 
was significantly greater than the walleye catch; however, catch rates were very 
low and the difference was probably not biologically significant. Catch of both 
percids in Hayes and Jones Lakes was low for both sample periods. 
Among lakes, catch rates of both saugeyes and walleyes were highest in 
Lake Iroquois during spring 2000. During fall 2000 sampling, catch rates in all 
lakes were considered low, but the highest CPUE of saugeyes occurred in Bode 
Pond and walleyes in Hanson Lake. In Lake Iroquois, we observed moderate 
over-winter survival of the newly stocked percids, but then saw a marked 
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reduction in catch rates during the subsequent fall sampling. Again this reduction 
in CPUE may be related to summer mortality. 
Explanations likely vary for the survival rates of the two percids within the 
five study impondments. However, the long-term trends in survival within some 
lakes allude to possible reasons for success or failure of these introductions. In 
Bode Pond, the success of the introductory stocking was excellent and that year 
class still dominates the fish community. This likely explains the relative limited 
success of the 1998 and 1999 stockings. In Hanson Lake, survival of stocked 
percids was more consistent throughout all three stockings, but remained low 
overall for reasons that are unclear. Hayes Lake contained an abundant 
largemouth bass population since the start of this study and this is the most likely 
cause for the very limited survival of both stocked percids throughout the study. 
As discussed earlier, survival of stocked percids in Lake Iroquois appears to be 
linked to over-summer survival because they were usually well represented in 
initial spring samples and then lost in subsequent samples. Percid survival in 
Jones Lake was consistently low for all three year classes. The lack of success 
here also may be linked to the largemouth bass population within Jones Lake. 
Prior to initial stocking in 1997, Koski (2000) reported that no largemouth bass 
were sampled in Jones Lake during spring electrofishing . Since then the 
largemouth bass population within the lake increased rapidly (Table 8), and it is 
most likely that the stocked percids were competing with the largemouth bass 
throughout all stockings and were likely preyed upon by bass in the final year of 
stocking. 
The higher overall survivability of walleyes observed in my study 
corresponds to the findings of Koski (2000) in the first two years of this project, 
but are somewhat different than the results reported by other researchers. 
Flammang (1994) reported that survival of concurrently stocked walleyes and 
saugeyes was similar in Lakes Richmond and Mina, while saugeyes had better 
survival in Lake Herman, South Dakota. Johnson et al. (1988) reported no 
consistent trend in survival of concurrently stocked walleyes and saugeyes in 
Pleasant Hill Reservoir, Ohio. Hill (1996) documented differences in relative 
survival of concurrently stocked walleyes and saugeyes in Twelve Mile Lake and 
Lake lcaria, Iowa. Hill (1995, 1996) noted that differences in relative survival 
showed no consistent pattern; walleyes survived better one year, saugeyes 
survived better in another year, and equal survival occurred in two years in each 
lake. 
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Correlation analysis did not identify any clear relationship between 
environmental factors (e.g., turbidity, zooplankton abundance) and survival of 
walleyes or saugeyes. There was no clear relationship between the size of 
saugeye and walleye fingerlings and relative survival. Koski (2000) reported that 
differences in survival did not appear related to marking procedures or condition 
of fish at stocking. Overall survival of stocked percids within the five study 
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impoundment in this study must be characterized as low with the exception of the 
introductory stocking in Bode Pond. 
Relative Growth 
1997 Year Class. Growth of walleye and saugeye was inconsistent 
among the five study impoundments, but growth of both percids was generally 
similar within each water body (Table 13). Mean total length at capture was used 
to index growth for percids of the 1997 year class because they were stocked at 
approximately equal sizes. The analysis performed was somewhat limited by low 
sample size in all lakes except Bond Pond. The only significant difference found 
between species within lakes was during fall 2000 in Bode Pond when saugeyes 
were longer. This difference possibly indicates that saugeyes may grow faster 
than walleyes at older ages, as reported by other researchers. Johnson et al. 
(1988) noted that growth of both percids in Pleasant Hill Reservoir, Ohio was 
similar up to age 2, after which saugeyes grew faster. 
Among-lake, within-species comparisons of saugeye growth were limited 
by low samples sizes in all but Bode Pond. However, in fall 1999 saugeyes in 
Bode Pond were found to be significantly longer than saugeyes in Hanson Lake. 
Walleyes exhibited a similar pattern in growth among the study lakes throughout 
all sample periods. The walleye mean length in Jones and Hayes Lakes was 
similar and significantly longer than the walleyes captured in Bode Pond and 
Hanson Lake during all sample periods. Walleyes in Hanson Lake were 
significantly smaller than all other lakes during fall 1999 and fall 2000. 
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1998 Year Class. Because mean lengths of walleyes (155 mm) and 
saugeyes (190 mm) varied at stocking in 1998, mean length at capture in 
subsequent samples would not accurately depict differences in percid growth. 
Thus, percent growth was used as the measure of relative growth for these 
percids (Table 14). The results of these comparisons showed better growth of 
walleyes over saugeyes in all cases were both percids were sampled within a 
lake, during all sample periods. Sample sizes within all lakes during all sample 
periods were relatively low, which somewhat weakens the significance of these 
findings. Among lake differences in saugeye growth could not be adequately 
evaluated due to low catches during all sample periods. Walleye growth among 
study lakes appeared highly variable throughout all sample periods. most likely a 
result of various biotic and abiotic conditions found within the study lakes. 
1999 Year Class. In 1999, mean length of walleyes (130 mm) and 
saugeyes (188 mm) varied at time of stocking; therefore, percent growth was 
used as the measure of relative growth between percids (Table 15). Because it 
is likely that little growth occured over winter, percent growth of the 1999 year 
class of percids was not calculated until fall 2000, after one complete growing 
season within the study lakes. These comparisons also indicated that walleye 
growth was superior to saugeyes in impoundments where both were sampled 
(Iroquois and Hanson lakes). Among lakes, both walleyes and saugeyes grew 
best in Iroquois Lake, likely due to the abundant fathead minnow Pimephales 
promelas and black bullhead prey base. 
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The faster growth of walleyes observed in the 1998 and 1999 year classes 
of percids in my study were also somewhat different than the results reported by 
other researchers. Hill (1995, 1996) reported no consistent trend in growth 
differences from year to year in Twelve Mile Lake and Lake lcaria, Iowa. Hill 
(1995, 1996) noted that age-0 walleyes were larger one year, and age-0 
saugeyes were larger another year. but growth rates were similar for fish age-1 
and older. Flammang (1994) reported similar growth of walleyes and saugeyes 
in Lakes Richmond and Mina, but significantly better growth of saugeyes in Lake 
Herman, South Dakota. Pyle et al. (1997) reported that saugeyes in Lake 
Goldsmith, South Dakota had substantially higher growth rates than the 
statewide average for walleye. That study also noted that saugeyes in Lake 
Goldsmith utilized an abundant fathead minnow prey base. A similar situation 
was found during this study in Lake Iroquois, where large numbers of fathead 
minnows were observed during all sample periods. Growth and condition of the 
fishes that survived in this lake were very high; however, quantitative data on 
prey-fish abundance, found in Appendix 2, were not collected from all 
impoundments to allow further examination of the relationship between prey 
abundance and growth. No significant correlations between other environmental 
variables (e.g., turbidity, zooplankton abundance) and growth of percids were 
identified. 
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Condition 
No consistent trend was observed in mean Wr of saugeyes and walleyes 
within the five study impoundments over time (Tables 16-18). Mean Wr values of 
percids varied among lakes, but were generally similar between species within a 
lake with two exceptions. In fall 1999, the 1997 year class of saugeyes had 
significantly higher Wr values than walleyes in Hanson Lake; however, these 
same fish showed significantly higher mean Wr's of walleyes in fall 2000 (Table 
16). Low sample sizes in all lakes, except Bode Pond, reduced my ability to 
identify legitimate condition differences between the two percids. 
Among lakes, saugeye Wr comparisons were very limited by low catch 
rates. Saugeyes in Bode Pond and Hanson Lake usually had significantly lower 
Wr values than saugeyes in the other lakes. Walleye mean Wr values followed a 
similar trend seen in mean TL. Walleye condition in Bode Pond and Hanson 
Lake were generally similar and lower than the other three lakes. The lowest 
observed Wr values for both percids were found in Bode Pond, similar to Koski 
(2000). Walter (2000) also reported low Wr values (i.e., below the 25th 
percentile) for walleyes and saugeyes collected in Bode Pond throughout 1999. 
This is likely a reflection of the high percid density that developed from the initial 
stocking in this impoundment. The highest Wr values of both species were 
observed in Lake Iroquois, which contained high-density fathead minnow and 
black bullhead populations. 
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Various condition indices including VSI, LSI, and MSI were calculated in 
spring and fall of 2000 in Iroquois and Hanson lakes to further evaluate the 
condition of the walleyes and saugeyes within these study impoundments (Table 
19). In both lakes, a general trend of decreasing condition indices from spring to 
fall was seen. This trend is similar to that reported by Koski (2000) and Walter 
(2000), who noted that mean Wr values for both percids were higher in spring 
than in fall within all study lakes in 1998 and in Jones Lake in 1999. A significant 
correlation between Wr and LSI was found in Hanson Lake walleyes and 
saugeyes in spring 2000, and in Lake Iroquois walleyes in fall 2000 (Figure 2). 
Relative weight and VSI were significantly correlated in Hanson Lake walleyes in 
spring 2000. Walleyes in Hanson Lake had higher VSI and MFI values than did 
saugeyes, while LSI values were higher for walleyes in the spring and similar for 
both species in fall 2000. In Lake Iroquois, saugeye VSI, LSI and MFI values 
were higher than walleye's during spring and fall 2000. Among lakes, both 
percids in Hanson Lake had substantially lower condition index values when 
compared with their Lake Iroquois counterparts in both sample periods. Elevated 
condition was probably due to the abundant prey base found in Lake Iroquois. In 
general, these trends support conclusions drawn from percent-growth and mean-
Wr analyses. 
Conclusions 
Relative survival of walleyes and saugeyes (indexed as CPUE or adjusted 
CPUE) differed within and among the impondments in this study. For the 1997 
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year class, walleyes exhibited better survival than saugeyes in Bode Pond and 
Jones Lake. No significant difference in survival was detected in Hanson, 
Iroquois, or Hayes Lakes. Low sample sizes in these three lakes reduced the 
ability to identify legitimate survival differences. The 1998 cohort of walleyes had 
significantly higher survival than saugeyes in Hanson Lake during fall 1999 and 
spring 2000. Saugeyes had significantly greater adjusted CPUE than walleyes 
in Bode Pond during fall 2000. In all other takes survival of both percids was very 
low. For the 1999 cohorts, relative survival of walleyes was significantly higher 
than that of saugeyes in Lake Iroquois during spring 2000 and in Hanson Lake 
during fall 2000. Saugeye catch in Bode Pond in fall 2000 was significantly 
greater than the walleye catch; however, both catch rates were very low and the 
difference was probably not biologically significant. Catch of both percids in 
Hayes and Jones Lakes was low during both sample periods. Relative growth of 
walleyes and saugeyes was inconsistent among waters , but was generally 
similar within each lake for the 1997 year class. Where sympatric populations 
occurred, percid growth always favored walleyes for the 1998 and 1999 year 
classes. Percid condition was also variable among lakes, but was usually similar 
within each lake for all year classes. In general, my research indicates that 
survival of stocked walleyes and saugeyes was low in all study impoundments, 
with the exception of the introductory stocking in Bode Pond . From the 15 percid 
stockings in this study, only the introductory stocking in Bode Pond was 
successful in producing a desirable percid fishery. For this reason no further 
walleye or saugeye stockings appear warranted in the small (<40ha) 
impoundments in South Dakota, unless they are of an introductory nature or into 
waters which have very low predator densities. 
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Table 6. Total numbers and stocking densities of walleye (WAE) and saugeye 
(SXW) fingerlings stocked in the study impoundments in 1997, 1998 and 1999. 
Number 
Year Lake S~ecies stocked Number/kg Number/ha kg/ha 
1997 Bode sxw 5,000 4,188 500 0.1 
1997 Bode WAE 5,000 4,850 500 0.1 
1997 Hanson sxw 1,375 60 62 1.0 
1997 Hanson WAE 1,375 49 62 1.3 
1997 Hayes sxw 1,600 60 62 1.0 
1997 Hayes WAE 1,600 49 62 1.3 
1997 Iroquois sxw 1.125 60 62 1.0 
1997 Iroquois WAE 1,125 49 62 1.3 
1997 Jones sxw 2,100 60 62 1.0 
1997 Jones WAE 2,100 49 62 1.3 
1998 Bode sxw 504 20 50 2.5 
1998 Bode WAE 750 33 74 2.2 
1998 Hanson sxw 801 20 36 1.8 
1998 Hanson WAE 1,335 33 60 1.8 
1998 Hayes sxw 846 20 33 1.6 
1998 Hayes WAE 1,600 37 62 1.6 
1998 Iroquois sxw 540 20 30 1.5 
1998 Iroquois WAE 540 15 30 1.9 
1998 Jones sxw 864 20 25 1.3 
1998 Jones WAE 1,440 33 42 1.3 
1999 Bode sxw 200 18 20 1.1 
1999 Bode WAE 500 51 50 1.0 
1999 Hanson sxw 637 18 29 1.6 
1999 Hanson WAE 1.375 51 62 1 .1 
1999 Hayes sxw 560 18 19 1.1 
1999 Hayes WAE 1,600 49 54 1.1 
1999 Iroquois sxw 440 18 24 1.4 
1999 Iroquois WAE 1,125 51 62 1.1 
1999 Jones sxw 720 18 21 1.2 
1999 Jones WAE 2,100 49 62 1.2 
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Table 7. Mean catch per unit effort (CPUE; number/h of night electrofishing) and sample 
size (n) of the 1997 year class of walleye and saugeye captured in five small 
impoundments during fall of 1999, spring of 2000 and fall of 2000. Numbers in 
parentheses represent one standard error (SE). Column CPUE values without a letter in 
common are significantly different (E<0.05). 
Sample period Saugeye/h n Walleye/h n Ea 
Lake 
Fall 1999 
Bode 112.6 (35.5)a 113 225.8 (54.9)a 226 0.0367 
Hanson 8.0 (4.1)b 10 5.6 (1.7)ab 7 0.5734 
Hayes Oc 0 0.9 (0.6)b 2 0.1690 
Iroquois Oc 0 0.8 1b 1 0.3739 
Jones Oc 0 5.1(1.4)ab 12 0.0060 
Eb 0.0001 0.0001 
F (4, 27) 52.59 9.31 
Spring 2000 
Bode 23.6 (8.0)a 19 63.3 (16.1)a 53 0.0525 
Hanson 0.8 1b 1 1.6 (1 .0)b 2 0.3739 
Hayes 0.4 1b 1 1.4 (0.7)b 3 0.3367 
Iroquois Ob 0 Ob 0 
Jones Ob 0 3.0 (1 .5)b 7 0.0950 
Eb 0.0001 0.0010 
F (4, 26) 18.01 6.40 
Fall 2000 
Bode 32.4 (8.6)a 30 14 7. 9 ( 19. 0 )a 138 0.0174 
Hanson 1.5 (0.9)b 2 2.8 (2.0)b 3 0.5847 
Hayes Ob 0 3.0 (1 .7)ab 2 0.1817 
Iroquois Ob 0 Ob 0 
Jones Ob 0 3.6 (1.6)ab 5 0.0846 
pb 0.0001 0.0024 
F~4.17~ 1e.32 6.47 
Ea = probability (E>t) of a significant difference between saugeye and walleye CPUE 
values within each water body (rows). 
Eb = probability (E>E) of a significant difference for saugeye or walleye CPUE among 
lakes (columns) within sampling periods . 
1 One fish 
Table 8. Sample size (n), catch per unit effort (CPUE; mean number of fish per 
hour, with SE in parentheses), and stock density indices (with 90% confidence 
intervals in parentheses) for selected fishes collected by electrofishing in five 
small impoundments during fall 1999. PSD =proportional stock density; RSD-P 
=relative stock density of preferred-length fish; LMB =largemouth bass; NOP = 
northern pike. 
Lake Species n 
Bode LMB 0 
NOP 0 
Hanson LMB 2 
NOP 2 
Hayes LMB 120 
NOP 31 
Iroquois LMB 0 
NOP 0 
Jones LMB 94 
NOP 8 
CPUE 
0 
0 
1.6 (1.0) 
1.6(1.0) 
53.3 (6.6) 
13.9 (2.6) 
0 
0 
40.8 (3.8) 
3.5 (0.8) 
PSD 
0 
50 (±10) 
34 (±7) 
4 (±6) 
57 (±8) 
50 (±8) 
RSD-P 
0 
0 
10 (±4) 
0 
1 (±1) 
0 
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Table 9. Number of saugeye and walleye fingerlings stocked during fall 1998 
and subsequently captured by electrofishing during fall 1999, spring 2000 and fall 
2000 for the five study impoundments. P-value represents statistical difference 
in proportions of saugeye and walleye sampled in each study impoundment 
based on the proportions of numbers stocked, as determined with Fisher's Exact 
test (cell~5) or Pearson's Chi-square (cells>5). 
Sample period #Saugeye #Walleye # Saugeye #Walleye 
Lake stocked stocked sampled sampled 
Fall 1999 
Bode 504 750 11 8 0.113 
Hanson 801 1,335 2 14 0.038 
Hayes 846 1,600 0 0 
Iroquois 540 540 0 0 
Jones 864 1,440 0 6 0.090 
Spring 2000 
Bode 504 750 0 0 
Hanson 801 1,335 0 9 0.017 
Hayes 846 1,600 3 1 0.122 
Iroquois 540 540 0 0 
Jones 864 1,440 0 1 1.00 
Fall 2000 
Bode 504 750 11 3 0.003 
Hanson 801 1,335 2 10 0.230 
Hayes 846 1,600 0 0 
Iroquois 540 540 0 0 
Jones 864 1,440 0 1 1.00 
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Table 10. Adjusted mean catch per unit effort (CPUE; number/h of night 
electrofishing, with SE in parentheses) of the 1998 year class of walleye and 
saugeye captured in five small impoundments during fall 1999, spring 2000 and 
fall 2000. Values were adjusted to represent an equal stocking rate of 62 walleye 
and 62 saugeye fingerlings/ha for all five impoundments. 
Lake Sample 
period 
Bode Fall-99 
Hanson Fall-99 
Hayes Fall-99 
Iroquois Fall-99 
Jones Fall-99 
Bode Spr.-00 
Hanson Spr.-00 
Hayes Spr.-00 
Iroquois Spr.-00 
Jones Spr.-00 
Bode Fall-00 
Hanson Fall-00 
Hayes Fall-00 
Iroquois Fall-00 
Jones Fall-00 
Saugeye adjusted 
CPUE 
14.1 (2.7) 
2.8 (2.0) 
0 
0 
0 
0 
0 
2.5 (1 .3) 
0 
0 
14.6 (2.8) 
3.1 (1 .9) 
0 
0 
0 
Walleye adjusted 
CPUE 
6.9 (2.5) 
11.5 (4.5) 
0 
0 
3.5 (1 .9) 
0.8 (0.8) 
7.4 (3.3) 
0.4 (0.4) 
0 
0.7(0.7) 
2.4(0.4) 
8.7 (2.3) 
0 
0 
1.2 (1.2) 
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Table 11. Number of saugeye and walleye fingerlings stocked in fall 1999 and 
subsequently captured by electrofishing during spring 2000 and fall 2000 for the 
five study impoundments. P-value represents statistical difference in proportions 
of saugeye and walleye sampled in each study impoundment based on the 
proportions of numbers stocked, as determined with Fisher's Exact test (cell~5) 
or Pearson's Chi-square (cells>5). 
Sample period #Saugeye #Walleye # Saugeye #Walleye p 
Lake stocked stocked sam~led sam~led 
Spring 2000 
Bode 200 500 0 0 
Hanson 637 1,375 7 20 0.519 
Hayes 560 1,600 1 0 0.259 
Iroquois 440 1, 125 11 64 0.008 
Jones 720 2,100 0 1 1.000 
Fall 2000 
Bode 200 500 5 0 0.001 
Hanson 637 1,375 2 24 0.008 
Hayes 560 1,600 0 0 
Iroquois 440 1,125 5 11 0.783 
Jones 720 2,100 2 0 0.065 
Table 12. Adjusted mean catch per unit effort (CPUE; number/h of night 
electrofishing, with SE in parentheses) of the 1999 year class of walleye and 
saugeye captured in five small impoundments during spring 2000 and fall 2000. 
Values were adjusted to represent an equal stocking rate of 62 walleye and 62 
saugeye fingerlings/ha for all five impoundments. 
Lake Sample Saugeye adjusted Walleye adjusted 
period CPUE CPUE 
Bode Spr.-00 0 0 
Hanson Spr.-00 12.0 (3.4) 16.0 (7.7) 
Hayes Spr.-00 1.5(1 .5) 0 
Iroquois Spr.-00 23.7 (6.8) 52.9 (31.8) 
Jones Spr.-00 0 0.5 (0 .5) 
Bode Fall-00 15.1 (5.1) 0 
Hanson Fall-00 3.4 (3.4) 19.1 (2.3) 
Hayes Fall-00 0 0 
Iroquois Fall-00 11.7 (8.6) 10.7 (1.9) 
Jones Fall-00 4.7 (4.7) 0 
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Table 13. Mean total lengths (TL; mm) and sample size (n) of the 1997 year class of 
walleye and saugeye captured by electrofishing in five small impoundments during fall 
1999, spring 2000 and fall 2000. Numbers in parentheses represent one standard error 
(SE). Column TL values followed by similar letters within sample periods are not 
significantly different (P<0.05) among lakes by multiple comparison . 
Sample period Saugeye Walleye 
Lake TL n TL n pa 
Fall 1999 
Bode 280 (1.4)a 113 277 (1.0)b 226 0.0842 
Hanson 248 (13.4)b 10 255 (19.4)a 7 0.7531 
Hayes 0 333 (37.5)c 2 
Iroquois 0 325 1bc 1 
Jones 0 350 (14.6)c 12 
.Eb 0.0001 0.0001 
E (df) 28.05 (1, 121) 49.02 (4, 243) 
Spring 2000 
Bode 283 (4.2)a 19 283 (2.2)a 53 0.9813 
Hanson 0 251 (3.5)a 2 
Hayes 370 1b 1 353 (6.8)b 3 0.3381 
Iroquois 0 0 
Jones 0 394 (14.8)c 5 
.Eb 0.0002 0.0001 
E (df) 21.15(1, 18) 83.07 (3, 59) 
Fall 2000 
Bode 327 (4.1 )a 30 307 (1 .5)a 138 <0.0001 
Hanson 321 (15.5)a 2 273 (7.1 )b 3 0.0485 
Hayes 0 420 (40 .5)c 2 
Iroquois 0 0 
Jones 0 395 (21.3)c 5 
pb 0.6723 0.0001 
F {dfl 0.18 p, 30l 56.89{3.144l 
.Ea = probability (P>t) of a significant difference between saugeye and walleye TL values 
within each water body (rows) 
.Eb= probability (P>F} of a significant difference for saugeye or walleye TL among lakes 
(columns) within sampling periods. 
--- Not sampled 
1 One fish 
Table 14. Relative growth of the 1998 year class of walleye and saugeye 
captured by electrofishing in five study impoundments during fall 1999, spring 
2000, and fall 2000, expressed as a percentage of initial length (at stocking). 
Numbers in parentheses represent sample size. 
Lake Sample 
Period 
Bode Fall-99 
Hanson Fall-99 
Hayes Fall-99 
Iroquois Fall-99 
Jones Fall-99 
Bode Spr.-00 
Hanson Spr.-00 
Hayes Spr.-00 
Iroquois Spr.-00 
Jones Spr.-00 
Bode Fall-DO 
Hanson Fall-00 
Hayes Fall-DO 
Iroquois Fall-DO 
Jones Fall-DO 
--- Not sampled 
Saugeye 
% growth 
28.4(11) 
0.0 (2) 
54.7 (3) 
53.7 (11) 
44.2 (2) 
Walleye 
% growth 
56.1 (8) 
18.7 (14) 
44.5 (6) 
42.6 (1) 
25.8 (9) 
66.5 (1) 
58.1 (1) 
103.2 (3) 
51 .0(10) 
79.4 (1) 
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Table 15. Relative growth of the 1999 year class of walleye and saugeye 
captured by electrofishing in five study impoundments during fall 2000, 
expressed as a percentage of initial length (at stocking). Numbers in 
parentheses represent sample size. 
Lake Sample 
Period 
Bode Fall-00 
Hanson Fall-00 
Hayes Fall-00 
Iroquois Fall-00 
Jones Fall-00 
--- Not sampled 
Saugeye 
% growth 
37.2 (5) 
20.7 (2) 
96 .8 (5) 
18.6 (2) 
Walleye 
% growth 
40.8 (24) 
152.3(11) 
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Table 16. Mean relative weights (Wr) and sample sizes (n) for the 1997 year class of 
walleye and saugeye captured by electrofishing in five small impoundments during fall 
1999, spring 2000 and fall 2000. Numbers in parentheses represent one standard error 
(SE). Column Wr values followed by similar letters within sample periods are not 
significantly different (P<0.05) among lakes by Scheffe's multiple comparison. 
Sample period Saugeye Walleye 
Lake Wr n Wr n pa 
Fall 1999 
Bode 77 (0.6)a 111 77 (0.6)a 141 0.9941 
Hanson 84 (1 .4)b 10 78 (2.1 )a 7 0.0369 
Hayes 0 90 (4.7)ab 2 
Iroquois 0 102 1b 1 
Jones 0 82 (2.3)ab 10 
pb 0.0007 0.0002 
E (df) 12.23 (1, 119) 5.78 (4, 156) 
Spring 2000 
Bode 79 (1 .9)a 19 80 (0 .9)a 53 0.3836 
Hanson 0 85 (5.5)ab 2 
Hayes 91 1a 1 93 (1 .0)b 3 0.4226 
Iroquois 0 0 
Jones 0 98 (3.9)b 5 
Eb 0.1660 0.0001 
E (df) 2.08 (1, 18) 14.22 (3, 59) 
Fall 2000 
Bode 84 (1 .0)a 30 85 (0.5)a 138 0.3939 
Hanson 76 (O.O)a 2 82 (0.7)a 3 0.0052 
Hayes 0 97 (3.0)b 2 
Iroquois 0 0 
Jones 0 79 (1.7)a 5 
pb 0.0602 0.0069 
F ~dfl 3.82 p,30l 4.21 p. 144l 
.e_a = probability (P>t) of a significant difference between saugeye and walleye Wr values 
within each water body (rows) 
Eb= probability (P>F) of a significant difference for saugeye or walleye Wr among lakes 
(columns) within sampling periods. 
--- Not sampled 
1 One fish 
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Table 17. Mean relative weights (Wr) and sample sizes (n) for the 1998 year class of 
walleye and saugeye captured by electrofishing in five small impoundments during fall 
1999, spring 2000 and fall 2000. Numbers in parentheses represent one standard error 
(SE). Column Wr values followed by similar letters within sample periods are not 
significantly different (P<0.05) among lakes by Scheffe's multiple comparison. 
Sample period Saugeye Walleye 
Lake Wr n Wr n pa 
Fall 1999 
Bode 76 (3.1 )a 8 75 (2.6)a 6 0.8335 
Hanson 81 (9.5)a 2 75 (4.6)a 14 0.6431 
Hayes 0 0 
Iroquois 0 0 
Jones 0 82 (0.7)a 6 
Eb 0.5078 0.6017 
E (df) 0.48 (1 , 8) 0.52 (2, 23) 
Spring 2000 
Bode 0 75 1 a 1 
Hanson 0 80 (1 .8)a 8 
Hayes 92 (4.9) 3 86 1 a 1 0.6222 
Iroquois 0 0 
Jones 0 80 1 a 1 
Eb 0.5370 
E (df) 0.78 (3, 7) 
Fall 2000 
Bode 89 (1 .9)a 9 84 (1.5)a 2 0.2686 
Hanson 90 (3.5)a 2 88 (1.8)a 10 0.7409 
Hayes 0 0 
Iroquois 0 0 
Jones 0 76 1 a 1 
Eb 0.8364 0.1341 
F {df~ 0.05 p. 9~ 2.47 {2 . 10~ 
Ea = probability (P>t) of a significant difference between saugeye and walleye Wr values 
within each water body (rows) 
Eb = probability (P>F) of a significant difference for saugeye or walleye Wr among lakes 
(columns) within sampling periods. 
--- Not sampled 
1 One fish 
Table 18. Mean relative weights (Wr) and sample sizes (n) for the 1999 year 
class of walleye and saugeye captured by electrofishing in five small 
impoundments during spring 2000 and fall 2000. Numbers in parentheses 
represent one standard error (SE). Column Wr values followed by similar letters 
within sample periods are not significantly different (P<0.05) among lakes by 
Scheffe's multiple comparison. 
Sample period Saugeye Walleye 
Lake Wr n Wr n pa 
Spring 2000 
Bode 0 0 
Hanson 88 (3.6)a 7 88 (1.4)a 19 0.9609 
Hayes 105 1 ab 1 0 
Iroquois 127 (2.5)b 11 127 (1.5)b 48 0.9764 
Jones 0 83 1 a 1 
Eb 0.0001 0.0001 
E (df) 41.59(2,16) 114.25 (2, 65) 
Fall 2000 
Bode 94 (1 .0)a 5 0 
Hanson 89 (1.0)a 2 86 (1.26)a 21 0.5238 
Hayes 0 0 
Iroquois 104 (1.9)b 5 102(1.3)b 11 0.3141 
Jones 88 (0 .5)a 2 0 
pb 0.0018 0.0001 
E (df~ 10.80 ~3. 1 o~ 61.76 ~1. 30) 
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pa = probability (P>t) of a significant difference between saugeye and walleye Wr 
values within each water body (rows) 
_eb = probability (P>F) of a significant difference for saugeye or walleye Wr 
among lakes (columns) within sampling periods. 
--- Not sampled 
1 One fish 
Table 19. Mean relative weight (Wr), visceral-somatic index (VSI), liver-somatic index (LSI), mesenteric fat index 
(MFI) and sample size (n) of stocked walleye and saugeye captured in two small South Dakota impoundments in 
spring and fall of 2000. Pearson correlation analysis performed between Wr and other indices. Numbers in 
parentheses represent one standard error (SE). 
Lake Sample Saugeye I Walleye 
period Wr VSI LSI MFI n Wr VSI LSI MFI n 
Hanson 
Spr.-00 88 (1.8) 4.2 (0.1) 0.6 (0 .0) 0.0 18 88 (1.4) 6.0 (0.3) 0.9 (0.1) 0.3 (0 .1) 22 
r a 0.26 0.66. 1 0.63. 0.53. 0.08 ---
Fall-00 84 (3 .2) 3.6 (0 .2) 0.6 (0.0) 0.0 6 82 (1 .2) 3.9(0.1) 0.5 (0.0) 0.0 22 
ra 0.31 0.29 1 0.12 0.02 0.40 ---
Iroquois 
Spr.-00 127 (2 .1) 12.0(1 .1) 1.7 (0 .1) 5.7 (0.8) 4 133(1 .8) 11 .2 (0.2) 1.3 (0.0) 4.9 (0.2) 35 
r a 0.42 0.70 0.53 0.01 0.02 -0.07 
Fall-00 99 (0 .5) 9.5 (0 .5) 1.1 (0 .1) 5.2 (0.5) 5 96 ( 1.3) 7.5 (0.3) 0.9 (0.1) 3.0 (0 .2) 11 
ra 0.14 0.52 0.07 0.34 0.70. 0.50 
r a Pearson correlation coefficients. 
* Indicates P < 0.05 on Wr correlations . 
1 Sample size insufficient to analyze. 
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Figure 2. Significant correlations between relative weight (Wr) and visceral-
somatic index (VSI) or liver-somatic index (LSI) for walleyes and saugeyes 
sampled in two South Dakota small impoundments during spring and fall of 2000. 
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Chapter 4. Fish Community Response to Coolwater Predator Introductions 
Introduction 
Predator management to restore or improve the balance and growth of 
panfish populations in natural lakes has been successfully implemented in recent 
studies by Schneider and Lockwood (2001) and Otis et al. (1998). Panfish 
populations dominated by small and slow-growing (stunted) individuals have 
been a common problem of small to medium-sized inland waters throughout the 
midwest for many years. High densities of fish, competing for a limited food 
resource is the most common explanation of stunting. Swingle and Smith ( 1941) 
reported that one of the principal causes of stunting in southern ponds was the 
absence of sufficient carnivorous fish ; others have implicated angling as an 
additional cause of predator-prey imbalance (Colby et al. 1987; Coble 1988). 
Generally, the goal of predator management is to increase predation on 
overabundant panfish populations, which will reduce the number of small slow-
growing individuals and allow survivors more food and space to grow (Evans et 
al. 1987). 
Balanced fish populations are susceptible to disruption and instability, 
unlike unbalanced populations such as stunted bluegill, which are often highly 
stable (Kohler and Kelly 1991 ). Popova (1982) reported that an increase in 
predatory fish has a stabilizing function within a lake ecosystem. Because of 
annual changes in recruitment, exploitation or habitat, the continuing balance of 
predator and prey will likely be a dynamic rather than a static management 
objective, with balance being achieved through continuous fine tuning to prevent 
or dampen predator-prey oscillations (Kohler and Kelly 1991 ). 
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My study was conducted to determine if panfish management, through 
percid stocking, was an effective management option to restore predator-prey 
balance and improve panfish growth and size structure in small South Dakota 
impoundments. In the summer of 1997, all five study impoundments were 
sampled with trap nets to determine pre-stocking panfish community 
characteristics (Koski 2000). Summer trap netting continued in 1998, 1999 and 
2000 to monitor panfish community changes during percid stockings. Survival of 
stocked percids was very limited in Hayes and Iroquois Lakes; therefore, no 
community evaluations were attempted for these waters . Bode Pond was a new 
impoundment in 1997 and did not have an established fish community at the start 
of this project, so it was eliminated from this analysis. Panfish community 
response to percid presence was explored in Hanson and Jones lakes. 
Methods and Materials 
Field Sampling 
Night electrofishing was used to sample all predator species including 
largemouth bass, northern pike and stocked percids. Predator sampling was 
conducted in conjunction with and by the same means as fall and spring percid 
sampling discussed in Chapter 3. 
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During mid-summer, trap nets (1.3-m x 1.5-m frame, 23-m x 1.2-m lead 
and 13-mm bar mesh) were used to sample the panfish populations in the study 
impoundments. Four to eight trap nets were set perpendicular to the shore for 
one night in each impoundment. Net locations were randomly selected in 1997, 
and remained fixed throughout the study so that year to year comparisons could 
be made. Captured fish were measured, weighed, and scales samples were 
taken from five fish per centimeter group for all panfish species. After processing 
all fishes were released. 
In addition, quarter-arc shoreline seining with a small bag seine (7.6-m x 
1.8-m x 6-mm bar mesh) was done to sample small prey fish not sampled by the 
trap nets. Aquatic vegetation and deep silt limited the application of this method, 
particularly in Hayes and Jones Lake. Where possible, seine hauls were 
conducted during crepuscular periods at four to six sites per lake. Captured fish 
were identified, counted, and released. 
Data Analysis 
Data collected from electrofishing and trap netting were analyzed with 
WinFin Analysis (Francis 2000) and Statistical Analysis System (SAS) software 
(SAS Institute 1994). Scale annuli were digitized in WinFin (Francis 2000). 
Incremental growth analysis, the length increment added during the last complete 
growing season plotted as a function of initial length at the beginning of that 
growing season, was computed with the WinFin Analysis (Francis 2000) 
program. This program also calculated fish population statistics including 
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proportional stock density (PSD) (Anderson 1980), and traditional relative stock 
density (RSD) indices (Gabelhouse 1984) by length category. PSD is defined as 
the percentage of stock length or longer fish that are also "quality" length. RSD 
indices are the percentages of stock length or longer fish that are also of 
preferred, memorable, or trophy lengths. Species minimum total length values 
for the Gabel house ( 1984) length-categorization system are provided in 
Appendix 1. Relative weight (Wr; Wege and Anderson 1978) values were 
calculated by length category and by one-centimeter length groups for all 
species. This condition index is defined as Wr = (W/Ws) x 100, were Wis an 
individual fish weight and Ws is the specific standard weight for a fish of that 
length . Specific Ws equations for each species were provided by WinFin 
Analysis software (Francis 2000). Panfish Wr values were plotted as a function 
of total length in 1997 and 2000 to investigate changes in panfish condition in 
response to percid stocking. Mean CPUE of stock length and longer fish, a 
measure of relative abundance, was also calculated for each species. 
Confidence intervals (90%) were calculated for stock density indices, and 
standard errors (SE) were calculated for mean CPUE and Wr values. The CPUE 
data were found to be non-normally distributed; thus, the non-parametric signed 
rank test was used to compare catches from 1997 (pre-stocking) and 2000 (post-
stocking). Chi-square analysis was used to test PSD values between years 
within species. Analysis of covariance was performed on incremental growth 
regression lines from 1997 and 2000 for each panfish species. 
Results and Discussion 
Jones Lake 
During spring 1997 predator sampling, Koski (2000) reported catching no 
largemouth bass or northern pike in Jones Lake. The trap net sample in Jones 
Lake 1997 was dominated by small black bullheads (Table 20). The panfish 
community was somewhat limited; black crappie, yellow perch and bluegill were 
present at low to moderate densities. The bluegill population apparently was 
very sparse with only two fish captured. The black crappie population was 
composed of mostly small fish , as indicated by a PSD of 24. The yellow perch 
population was composed primarily of larger fish with a PSD of 96. The mean 
Wr values of bluegill and yellow perch were high (120's) . while the mean Wr of 
the crappies were found to be very high (-130) (Table 21 ). The black bullhead 
population had a mean Wr of 86. 
During predator sampling in fall 1999, largemouth bass CPUE was found 
to be 40 .8 fish/h, substantially higher than observed by Koski (2000) in 1997. 
Northern pike were sampled, but their density remained low. The trap net 
sample in 2000 indicated some shifting in the panfish populations had occurred 
since the initiation of the percid stockings in 1997 (Table 20). The most 
abundant species sampled was the black bullhead, which had maintained 
relatively high densities and poor size structure. Black crappie CPUE 
significantly increased, however the PSD significantly decreased, most likely a 
result of a strong year class produced in 1997. The most pronounced change 
62 
63 
was found in the bluegill and yellow perch populations. Bluegill CPUE was 
significantly higher than in 1997, and the size structure appeared well balanced 
(PSD = 45). The yellow perch abundance, on the other hand, was substantially 
reduced from 1997 levels, with only four fish collected . This shift from a panfish 
population dominated by yellow perch in 1997 to a population dominated by 
bluegills three years later is possibly a result of selective predation of perch by a 
predator or predators. The substantial increase of the largemouth bass 
population in Jones Lake during this study reduced my ability to evaluate the 
influence of stocked percids on the panfish populations. However, this shift from 
yellow perch to bluegills may have been a result of increased predation by 
percids, which tend to select for perch when both species are present (Walter 
2000), in Jones Lake. 
Hanson Lake 
Largemouth bass and northern pike CPUE in Hanson Lake were very 
low, about 1 fish/h during spring electrofishing 1997 (Koski 2000). During 
summer trap netting in 1997, black bullhead population abundance in Hanson 
Lake was relatively low (Table 20). The panfish community consisted of bluegill, 
black crappie, and white crappie. Moderate densities and low size structure 
characterized all panfish populations. The bluegill and white crappie size 
structure was especially low with PSD's of 5 and 2, respectively. No panfish of 
preferred length were captured in 1997. Mean Wr values of all panfish species 
were high, and ranged between 92 and 103 (Table 21 ). The bullhead Wr values 
were lower and remained near 84 across all length categories . Overall, the fish 
community in Hanson Lake best fit the initial criteria the study lakes were 
selected for, low predator densities and slow growing abundant panfish 
populations. 
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Largemouth bass and northern pike densities remained low in fall 1999 
(Table 8, Chapter 3) and throughout this study. The percid population was 
established at a moderate level in Hanson Lake through three years of stockings. 
During trap net sampling in 2000, the bullhead catch remained low but the PSD 
significantly increased from the 1997 sample. The panfish species all showed 
significant improvements in size structure (Table 20). In 2000, the bluegill CPUE 
remained similar to the 1997 levels, but the PSD of the population improved from 
5 in 1997 to 59 in 2000. One bluegill of preferred length was captured in 2000. 
The black crappie CPUE increased from 4.2 to 12.0 in 1997 and 2000, 
respectively. The black crappie PSD also improved from 12 in 1997 to 63 in 
2000. The white crappies showed improvements similar to the black crappies 
with CPUE increasing from 8.5 in 1997 to 17.2 in 2000. White crappie size 
structure improved from 2 to 24 between 1997 and 2000, respectively. During 
the 2000 sample, panfish Wr values were found to be relatively high and similar 
to those found in 1997 (Table 21 ). The bullhead Wr values were lower, but 
similar to those found in 1997. A trend of decreasing Wr values with fish length 
was observed in all panfish species during both years (Figure 3). This may be 
due to a shortage of larger sized prey in Hanson Lake. Improvements in panfish 
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Wr across length groups, indicated by decreasing slope of the trend line, were 
observed in all species during 1997 and 2000 (Figure 3). Due to the lack of other 
predators in Hanson Lake, the restructuring of the panfish populations was likely 
a result of increased predation by the stocked percids. While PSD may be a 
useful aid to suggest waters where problems may exist, more detail is necessary 
to determine and delineate the extent of any population imbalances (Kruse 1993) 
or restructuring. For this reason, incremental growth analysis was performed on 
the panfish populations in Hanson Lake to further investigate predator effects. 
Incremental growth analysis and analysis of covariance was conducted for 
bluegill, black crappie, and white crappie populations collected from Hanson 
Lake in 1997 and 2000. Bluegill in Hanson Lake showed a significant increase in 
growth between 1997 and 2000 (Figure 4). The slopes were found to be highly 
significantly different (P = 0.0001 ). The presence of larger bluegills was 
observed in 2000, which previously did not exist in 1997. The black crappie 
population also experienced a significant growth increase between 1997 and 
2000, indicated by the slope (P= 0.008) difference (Figure 5). White crappie 
growth appeared relatively consistent throughout this study and no significant 
difference was found in slope or y-intercept (Figure 6). However. the ability to 
calculate incremental growth was limited by the presence of only two year 
classes of fish for analysis in 1997. 
The increased incremental growth of bluegills and black crappies further 
indicate that the growth and size structure of the panfish population was 
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improved through three years of percid stockings in Hanson Lake. Other 
researchers have observed improvements in size structure and growth of stunted 
panfish populations through predator manipulation (e.g., Otis et al. 1998; Galinet 
et al. 2000; Schneider and Lockwood 2001 ). The improvements observed in 
Hanson Lake are likely in the early stages, because only three years have 
passed since percid stocking was initiated. Schneider and Lockwood (2001) 
reported a gradual improvement of bluegill population characteristics, mostly 
after a 4-year lag. The results from Hanson Lake indicate that the use of 
predator stocking is a viable management option for improving an abundant, slow 
growing panfish community. The key to successful manipuiation of panfish in 
this lake appeared to be moderate survival of stocked percids, and a very low 
density of other predator species (i.e ., largemouth bass and northern pike). 
Conclusions 
In Jones Lake, the black bullhead population abundance remained high 
with a low size structure throughout the study. The black crappie population 
increased substantially between 1997 and 2000, but the size structure 
decreased. This change was likely due to a strong year class of crappies 
produced in 1997, and not a result of the presence of stocked percids. No trends 
in mean Wr were observed for any fish species in Jones Lake during this study. 
The only substantial panfish community effect, which may have been caused by 
stocked percids, was the reduction of yellow perch and the substantial increase 
in the bluegill population. Such a large shift was likely a result of environmental 
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effects on recruitment or selective predation for yellow perch by a predator, which 
walleyes are known to prefer in the presence of both species (Schneider 1997). 
However, the increase in the largemouth bass population during this study 
reduced my ability to identify panfish community effects caused by percids alone. 
In Hanson Lake the predator population, other than the stocked percids, 
was very low in 1997 and remained so throughout the study. For this reason, 
observed changes in the panfish community were likely results of the stocked 
percids. Little change in the black bullhead population was observed in Hanson 
Lake during this study. Generally, Wr values decreased with fish length for all 
panfish species, possibly indicating a lack of larger size prey items. The PSD 
values for bluegill, black crappie and white crappie population samples all 
showed significant improvements between 1997 and 2000. The incremental 
growth rates of bluegills and black crappies also indicated significant increases 
between 1997 and 2000. These trends are a good indication that the stocked 
percids, through increased predation, were able to improve the size structure and 
growth of panfish in Hanson Lake. However, these results should be considered 
preliminary, because most community effects due to predation are not normally 
observed until several years after a predator population is established. 
Continued monitoring of the fish community in Hanson Lake should determine if 
the improvements continue in the future. 
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Table 20. Sample size (n), mean catch per unit effort (CPUE; number of fish 
~stock length per net night, with SE in parentheses), and stock density indices 
(with 90% confidence intervals in parentheses) for selected fishes collected with 
trap nets in two small impoundments during summer of 1997 and 2000. PSD = 
proportional stock density; RSD-P = relative stock density of preferred-length 
fish; BLG = bluegill; BLC = black crappie; WHC = white crappie; YEP = yellow 
perch; BBH = black bullhead. 
Lake Year S~ecies n CPUE PSD RSD-P 
Hanson 1997 BLG 59 10.3 (5.0) 5 (.±5) 0 
BLC 25 4.2 (1.6) 12 (.±11) 0 
WHC 50 8.5 (4.4) 2 (.±2) 0 
BBH 10 2.0 (0.8) 40 (.±30) 0 
Hanson 2000 BLG 49 8.3 (3.0) 59(+12)* 2 (+3) 
BLC 72 12.0 (4.3) 63 (+9) * 0 
WHC 103 17.2 (5.9) 24 (+7) * 0 
BBH 13 2.2 (1.4) 85(+19)* 0 
Jones 1997 BLG 2 0.2 (0.2) 
BLC 33 4.1 (2.5) 24 (.±13) 0 
YEP 48 6.0 (3.0) 96 (.±5) 0 
BBH 1,381 172.6 (81.3) 1 (.±1) 0 
Jones 2000 BLG 489 61.1(27.4)* 45 (+4) 1 (+1) 
BLC 202 25 .3 (6.2) * 5 (+2) * 0 
YEP 4 0.5 (0.3) O* 0 
BBH 1,683 210.4 (75.1) 7(+2)* 0 
1 Sample size insufficient to calculate stock density index value. 
*Indicates significant difference (P<0.05) between CPUE or PSD in1997 (pre-
stocking) and 2000 (post stocking) within each lake. 
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Table 21. Mean relative weight (Wr, with SE in parentheses) by length category 
for selected fishes collected with trap nets in two small impoundments during 
summer of 1997 and 2000. S-Q =stock to quality length; Q-P =quality to 
preferred length; P-M = preferred to memorable length; BLG = bluegill; BLC = 
black crappie; WHC =white crappie ; BBH = black bullhead; YEP= yellow perch. 
Mean Wr 
Lake Year Species Stock S-Q Q-P P-M 
Hanson 1997 BLG 92 (1 .0) 92 (0.7) 98 (17.1) 
BLC 101 (2.0) 101 (1.1) 103(16.8) 
WHC 97 (0 .5) 97 (0.4) 83 1 
BBH 84 (3.5) 84 (5.3) 84 (4.8) 
Hanson 2000 BLG 84 (1.3) 91 (2.3) 79 (0.9) 80 1 
BLC 95 (0.2) 102 (2 .3) 91 (0.3) 
WHC 100 (0.2) 100 (0.2) 98 (0.0) 
BBH 80 (1 .7) 77 (0.0) 81 (1 .9) 
Jones 1997 BLG 119 (6.0) 113 1 125 1 
BLC 135 (1 .5) 139 (2 .0) 124 (0 .8) 
YEP 98 (1.1) 91 (0 .0) 100(1 .2) 
BBH 86 (0.6) 86 (0 .6) 86 1 
Jones 2000 BLG 111 (0.4) 108 (0 .6) 113(0.4) 105 (7.9) 
BLC 111 (0 .1) 112 (0.1) 108 (0.0) 
YEP 98 (6.9) 98 (69) 
BBH 87 (0.4) 87 (0.4) 87 (0 .8) 
--- Not sampled 
1 One fish 
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Chapter 5. Management Implications and Recommendations 
1. The success of the introductory small fingerling stocking in Bode Pond clearly 
demonstrates the potential to develop high percid densities in newly created 
or reclaimed waters. The linear decrease in the proportion of saugeyes in the 
Bode Pond percid community indicates that walleyes maintained better 
survival through age 3. Percid stocking should be considered a viable option 
for other similar impoundments, such as winterkilled or toxicant-treated 
waters. My study indicated that percid stockings in South Dakota small 
impoundments with established predator communities often are not 
warranted. 
2. Saugeyes did not demonstrate a substantial performance advantage in 
survivability or growth over walleyes in this study. 
3. Walter (2000) found that food habits of the two percids were generally similar, 
but that saugeyes were more likely than walleyes to utilize black bullheads as 
a prey item. 
4. Koski (2000) noted that stress from the trapping and stocking process during 
temperatures above 14°C appeared to introduce substantial over-winter 
mortality of large fingerling percids, and should be avoided in the future. 
5. As demonstrated in Hanson Lake, the introduction of percids to restructure 
stunted panfish communities does appear to have management potential in 
small impoundments in South Dakota. The key to the success of this practice 
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appears to be a very low or non-existent predator population within the 
recipient waters. Further monitoring of Hanson Lake should determine if the 
improvements in the panfish community persist over time, and if so, additional 
walleye stockings would be recommended. 
6. I recommend further research be done on the community effects of stocked 
percids. Hanson Lake should be closely monitored over the next several 
years, and other impoundments with similar characteristics (i.e ., low predator 
density; abundant panfish populations) could be added to the study. 
7. When established largemouth bass populations exist in at least moderate 
densities within small South Dakota impoundments walleye or saugeye 
stockings are not justified. Even large fingerling stockings apparently could 
not "overcome" the likely competition and predation . 
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Appendix 1. Minimum total lengths (cm) for Gabel house ( 1984) length 
categories for common fish species captured in the study impoundments. Values 
for saugeye proposed by Flammang et al. (1993). 
Species Stock Quality Preferred Memorable Trophy 
Black bullhead 15 23 30 38 46 
Black crappie 13 20 25 30 38 
Bluegill 8 15 20 25 30 
Green sunfish 8 15 20 25 30 
Largemouth bass 20 30 38 51 63 
Northern pike 35 53 71 86 112 
Saugeye 23 35 46 56 69 
Walleye 25 38 51 63 76 
White crappie 13 20 25 30 38 
Yellow perch 13 20 25 30 38 
Appendix 2. Mean catch per unit effort (CPUE; number of fish per seine haul, 
with SE in parentheses) of common prey fishes collected with shoreline seining 
in selected impoundments in summer of 1998, 1999 and 2000. FHM = fathead 
minnow; BBH = black bullhead; BLG = bluegill; GSF = green sunfish; YEP = 
yellow perch; ORS = orange-spotted sunfish. 
Year Lake FHM BBH 
1998 Bode 17.5 (15.2) 0.3 (0.3) 
1998 Hanson 
1998 Iroquois 127.3 (13.9) 134.3 (106.1) 
1998 Jones 1.5 (0.7) 
1999 Hanson 
1999 Iroquois 25.5 (17.9) 
2000 Bode 
2000 Hanson 
2000 Jones 
--- Not sampled 
1 One fish 
15.3 (5.0) 
15.0 (7 .4) 
1.0 1 
1.0 1 
BLG GSF 
60.0 (26.9) 8.5 (5.6) 
2.5 (0.6) 0.5 (0.3) 
0.7(0.4) 
1.8 (0.9) 1.5 (0.4) 
2.5 (0.9) 
2.0 (0.5) 
1.0, 
YEP 
0.8 (0.4) 
1.0 1 
8.3 (6.6) 
2.5 (1 .1) 
4.7 (2.3) 
ORS 
21.0(17.4) 
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